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osting by EAbstract Background: Immunohistochemical techniques have proven to be effective for use in
forensic pathology, as they can be applied to tissue samples ﬁxed in formalin and embedded in par-
afﬁn. Histologic sections, including ischaemic and non-ischaemic myocardia, were studied via
immunohistochemistry with three different antibodies to human cardiac troponin (cTnT), myoglo-
bin (MB), and caspase 3, using a standard avidin–biotin–peroxidase system.
Results: All antibodies detected cTnT or MB in the normal myocardium as well as its loss from the
necrotic myocardium, in some cases before histologic evidence of necrosis was present. Loss was
non-uniform and greater at the periphery of the infarcts than at their central regions. Usually, loss
of cTnT appeared to be better than loss of MB; however, MB was more sensitive, and caspase 3 was
the most sensitive. Caspase 3 was detected in areas with established ischaemia and in cases with cor-






6 H.A.A. Amin et al.Conclusions: Immunohistochemical staining using antibodies to human cTnT, MB, and caspase 3
can be used to visualize myocardial infarctions in histologic sections of the myocardium during
forensic autopsy. Loss of cTnT and MB, as well as positive staining for caspase 3, occurs very early
following ischaemic injury and may precede histologic evidence of necrosis. Immunohistochemical
staining of hearts for cTnT, MB, and caspase 3 can assist in the recognition of myocardial necrosis
at autopsy in patients suspected of dying from acute myocardial ischaemia.
ª 2011 Forensic Medicine Authority. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Post-mortem diagnosis of early myocardial infarctions is a
recurrent problem in forensic pathology. Over the years, a
number of different staining techniques have been employed
to assist in the identiﬁcation of these early infarcts that are
not yet recognizable on H&E [1,2].
Initial observations suggest that cTnT immunostaining
might be useful for identifying myocardial necrosis in human
autopsy hearts [3,4].
Gerhardt et al. (1999) claim that cTnTproves tobe a veryuse-
ful marker in the diagnosis of acute myocardial damage which
has nearly absolute myocardial tissue speciﬁcity as well as high
sensitivity. It becomes serologically elevated within 4–6 h after
amyocardial injury and, due to its high speciﬁcity, it is currently
the gold standard in the diagnosis of myocardial infarction [5].
Cina et al. (2001) also conﬁrm the diagnostic efﬁcacy of this
marker as a valid, highly sensitive indicator of infarct damage
[6].
Myoglobin is a protein which binds oxygen and is found in
skeletal and cardiac muscle. It is a very sensitive indicator of
muscle injury. The rise in myoglobin can help to determine
the size of an infarction. A negative serum myoglobin can help
to rule out myocardial infarction. However, it is not speciﬁc to
cardiac muscle, and can be elevated as a result of any form of
injury to skeletal muscle [7].
Hayakawa et al. (2003) used myoglobin to evaluate the ne-
crotic myocardium in an experimental model of myocardial
infarction in rats that had their coronaries occluded [8]. Spro-
goe-Jakebson (2005), in her study on the detection and age
determination of early myocardial infarction, claims that myo-
globin seemed to be the best choice for detection of myocardial
infarction in rats, as early as one hour after injury [9].
Recent studies indicate that caspase 3 is associated with the
induction of apoptosis. Activation of caspase 3 occurs in
response to a variety of apoptotic inducers, including Fas-
mediated apoptosis. Rybakova and Kuznetsova (2005) studied
36 specimens of the myocardium obtained during a necropsy of
patients who had experienced sudden cardiac death. Bcl-2,
caspase 3, and p53 were studied immunohistochemically. The
results suggest that apoptosis contributes to the development
of cardiomyocyte injury in ischaemia [10].2. Materials and methods
2.1. Tissues
This study includes hearts from 50 autopsy cases with/without
evidence of coronary artery disease admitted to the pathology
department of the Medico-legal Administration, Egypt, during
the years 2006–2009.Tissue sections from coronaries and myocardia (about 500
sections in total) were selected. Myocardial tissue samples
were excised from the left ventricle, ventricular septum, and
right ventricle as well as the corresponding coronaries; they
were ﬁxed in 10% neutral-buffered formalin and embedded
in parafﬁn. Thin sections were stained with hematoxylin–
eosin.
Finally, we selected 70 sections of myocardial tissue from the
500 H&E stained sections for immunohistochemical staining;
the average number of sections obtained from one case is 1.4.
The cases were categorised for statistical study according to
the histological ﬁndings as Group I, Group II, and Group III:
Group I: Showed deﬁnite signs of ischaemia (10 cases).
Group II: Showed possible signs of ischaemia (such as
waviness, fragmentation, etc.) and/or advanced coronary
lesion (34 cases).
Group III: Showed no signs of ischaemia, but showed other
causes of myocardial damage (ﬁve cases); one case with
arrhythmogenic cardiomyopathy, two cases with micro-
abscesses, one case with hypersensitivity myocarditis, and
one case with non-caseating granulomatous inﬂammation.
A normal heart was used as a control (one case) from a
person in her third decade who was autopsied due to a cause
other than MI. Among the included cases in the study, nine
showed variable deﬁnite autolysis.
2.2. Classiﬁcation of MI stages
According to the Lodge-Patch classiﬁcation (Lodge-Patch
1951; Ishikawa 2003) [11,12], MI cases are divided into ﬁve
categories based on the sequential histological changes that
occur during the healing of the MI:
Stage I: The earliest changes are represented by stretching
and waviness of myocardial ﬁbres; the myocytes show
eosinophilic cytoplasm and pyknosis.
Stage II: Coagulation necrosis of the myocardium with or
without pyknotic nuclei, accompanied by neutrophil
inﬁltration.
Stage III: Fragmentation of necrotic cardiomyocytes with
macrophage inﬁltration, and ﬁbroblasts evident in the
interstitium.
Stage IV: Replacement of the lesion by granulation tissue
with proliferation of ﬁbroblasts, in which the affected
cardiomyocytes disappear and neutrophils are decreased.
Stage V: Replacement of the lesion with scar tissue.
Stage I cases are categorised under Group II (probable
signs of ischaemia), while Stages II–V are categorised under
Group I (deﬁnite signs of ischaemia).
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Histologic sections were studied via immunohistochemistry
with three different antibodies to human cTnT, MB, and
caspase 3 using a standard avidin–biotin–peroxidase system.
Three samples of normal ventricular tissue without any in-
farcts were obtained from the control case for use as normal
controls for cTnT and MB, while three sections from human
tonsillar tissue were used as positive controls for caspase 3.
Histologic sections approximately 4 lm thick were deparafﬁ-
nated in xylene and alcohol, rehydrated in distilled water for
5 min, and then washed in PBS for 5 min. To reveal the
antigens, they were pre-treated by boiling them in a microwave
three times for 10 min each with antigen retrieval solution,
then washing them in PBS for 5 min.
Although no special pre-treatment for MB is required for
the immunohistochemical staining of formalin/parafﬁn tissues
(as supplied by the manufacturer), by applying these strict
instructions, the reaction obtained was very weak in the exam-
ined control slides, but got stronger after boiling the tissue sec-
tions in 10 mM citrate buffer for 30 min. The slides were dried
using tissue paper around the sections, then covered with a
non-immune protein blocking serum for 30 min and incubated
in a humid chamber.
The primary monoclonal antibodies anti-cTnT, MB, and
caspase 3 (Lab vision) were incubated for 60 min at 37 C.
Pre-diluted, ready-to-use antibodies were employed to stain
the formalin-ﬁxed, parafﬁn-embedded tissues. The sections
were washed in PBS for 5 min.
A secondary antibody was applied for 60 min (DAKO).
Two drops of the horseradish peroxidase conjugated streptavi-
dine were added, the slides were incubated for 60 min, and then
rinsing with PBS was performed. Finally, the reaction was visu-
alized with DAB chromogen (DAKO). The slides were counter-
stained with dilute hematoxylin, and rinsed with ammonia and
then with tap water. The sections were dehydrated with graded
ethanol, cleared in xylene, and then cover slipped.
The three antibodies were used to evaluate whether they
were equal in sensitivity and speciﬁcity to detect MI or necrotic
myocardium. The amount and extent of depletion of the cell
markers (cTnT and MB), as well as the intensity and pattern
of expression of caspase 3, were recorded.
2.4. Histologic evaluation
Two unbiased observers (HA and HH) detected the loss of car-
diac troponin and myoglobin staining. The degree of loss was
scored for each area from 0 to 3, with 0 = no loss of stain-
ing; 1 = minimal decrease in staining, compared to normally
stained tissue; 2 = clear decrease in staining with some
positivity (brown colour) remaining; and 3 = no positive
(brown) staining. The grade was based on the maximum loss
of cardiac troponin and myoglobin noted in the area.
For statistical purposes, the intensity of staining for caspase
3 was also assessed and scored from 0 to 3 in areas with max-
imal expression.
Some cases showed an overlap between Group I and Group
II in that there were deﬁnite signs of ischaemia in some areas/
sections (either old or recent), together with areas with sus-
pected ischaemia and/or an associated acute coronary event
(recent thrombus, ruptured atheroma, or haemorrhage inside
atheroma). Areas with deﬁnite signs of ischaemia were includedin the ﬁrst group, while the other areas were included in the
second group. Cases that showed an overlap between Group
I and Group III were also examined similarly. Thus, 87 areas
were examined in the 70 sections (including overlapping cases)
to determine troponin, myoglobin, and caspase 3 reactivity.
All results were expressed as the mean standard errors of
the mean and statistical analysis was conducted using an anal-
ysis of variance (ANOVA) with SPSS v 16. The results were
considered to be statistically signiﬁcant at p< 0.05.
3. Results
The ages of those who provided samples ranged from the 4th
to the 8th decade; 6 were in their 4th decade (12%), 13 were
in their 5th decade (26%), 8 were in their 6th decade (16%),
10 were in their 7th decade (20%), 4 were in their 8th decade
(8%), and eight cases were unknown (16%).
3.1. cTnT staining (see Fig. 1)
Regarding the immunoreactivity of cTnT, in Group I (cases
with deﬁnite signs of ischaemia), all cases showed variable de-
grees of cTnT depletion. Sixteen sections showed no brown
staining (score 3), 7 sections showed clear loss of staining
with some positivity (brown colour) remaining (score 2),
and 4 sections showed minimal loss of staining (score 1),
for a total of 27 sections.
In Group II (cases with probable signs of ischaemia), most
cases showed variable degrees of cTnT depletion. Twenty-two
sections showed no brown staining (score 3), 13 sections
showed clear loss of staining with some positivity (brown
colour) remaining (score 2), 9 sections showed minimal loss
of staining (score 1), and 5 sections showed no depletion
(score 0), for a total of 49 sections.
In Group III (cases with no signs of ischaemia, but showing
other forms of myocardial damage), most sections showed
variable degrees of cTnT depletion. Three sections showed
no brown staining (score 3), 3 sections showed clear loss of
staining with some positivity (brown colour) remaining (score
2), one section showed minimal loss of staining (score 1),
and one section showed no depletion (score 0), for a total of
8 sections (Tables 1 and 4). The troponin results among the
groups showed a statistical difference of p= 0.047.
3.2. MB staining (see Fig. 2)
Regarding the immunoreactivity of MB, in Group I (cases
with deﬁnite signs of ischaemia), all cases showed variable
degrees of MB depletion. Twenty sections showed no brown
staining (score 3), 6 sections showed clear loss of staining
with some positivity (brown colour) remaining (score 2),
and one section showed minimal loss of staining (score 1),
for a total of 27 sections.
In Group II (cases with probable signs of ischaemia), most
cases showed variable degrees of MB depletion. Twenty-ﬁve
sections showed no brown staining (score 3), 17 sections
showed clear loss of staining with some positivity (brown
colour) remaining (score 2), and 7 sections showed no deple-
tion (score 0).
In Group III, all cases showed variable degrees of MB
depletion. Three sections showed no brown staining (score
3), 4 sections showed clear loss of staining with some positiv-
Figure 1 (A) Troponin, immunostain, clear loss (score 2). (B) Troponin, immunostain, minimal decrease in staining (score 1).
Table 2 MB depletion in the three deﬁned groups.
Group Frequency Percent
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8 H.A.A. Amin et al.ity (brown colour) remaining (score 2), and one section
showed minimal loss of staining (score 1) (Tables 2 and 4).
For myoglobin, the results obtained show a highly signiﬁ-
cant difference between the groups, p= 0.008.
3.3. Caspase 3 staining (see Fig. 3)
Regarding the immunoreactivity of caspase 3, in Group I
(cases with deﬁnite signs of ischaemia), all cases showedvariable degrees of reactivity. Twelve sections showed a dif-
fuse strong reaction (score 3), 8 sections showed a moderate
positive cytoplasmic reaction (score 2), and 7 sections
showed focal cytoplasmic positivity (score 1), for a total of
27 sections.
In Group II (cases with probable signs of ischaemia), all
cases showed variable degrees of caspase 3 deposition. Eigh-
teen sections showed a diffuse strong cytoplasmic reaction
(score 3), 20 sections showed a moderate positive cytoplasmic



























Data were presented as number (percent). p value = 0.0008.
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deposition (score 1), for a total of 49 sections.
In Group III, the cases showed variable degrees of caspase
3 reactivity. Six sections showed a diffuse strong cytoplasmic
reaction (score 3), and 2 sections showed a moderate cytoplas-
mic reaction (score 2), for a total of 8 sections. Regarding cas-
pase 3, the results obtained show a highly signiﬁcant difference
among the groups, p= 0.0008 (Tables 3 and 4).Table 4 Summary of the immunohistological results of the three ma
Descriptives
Group N Mean Std. deviation Std. error
cTnT Control 3 .00
GI 27 2.44 .751 .145
GII 49 2.06 1.029 .147
GIII 8 2.00 1.069 .378
Total 85 2.15 .982 .107
MB Control 3 .00
GI 27 2.70 .542 .104
GII 49 2.22 1.026 .147
GIII 8 2.25 .707 .250
Total 85 2.35 .922 .100
Caspase 3 Control 3 .00
GI 27 2.19 .834 .160
GII 49 2.14 .764 .109
GIII 8 2.75 .463 .164
Total 85 2.19 .809 .088
Data were presented as mean ± SD.Nine cases with variable autolytic changes were included,
with 10 sections examined to detect the effect of autolysis on
the loss and expression of the three markers. It was noted that
the reactions were not remarkably affected by the autolytic
changes. Strong positive staining for cTnT and MB in the
non-ischaemic regions also showed that the integrity of the tis-
sue antigenicity was preserved, even in tissues stored up to
4 years in parafﬁn blocks.
4. Discussion
In comparing the results of the immunoreactivity of cTnT,
MB, and caspase 3 in cases of established ischaemia (Group
I), the following could be noted. In Group I cases, in which
macroscopic and/or histologic examinations had already re-
vealed the classic appearance of myocardial necrosis, 100%
of cases showed variable degrees of cTnT and MB depletion.
More loss was noted for MB; however, the reaction was clearer
for cTnT. All sections (100%) were positive for caspase 3.
We also observed greater loss of cTnT and MB at the
periphery of an infarct than at its centre. This likely reﬂects
greater antegrade and retrograde ﬂow at the periphery with
‘washout’ of proteins from the necrotic myocardium [13].
There was a great deal of variability of intensity of residual
staining for cTnT and MB within the necrotic region. Michael
et al. (2003), in their study on experimental animals, offer sev-
eral possible explanations for this [14]:
Since the distribution of ﬂow within the ischaemic tissue is
heterogeneous, necrosis may evolve faster in some parts of
the infarct than others.
Flow away from the necrotic ﬁbres may also be variable,
resulting in different rates of ‘washout’ from different
ﬁbres.
However, the authors state that since cell-to-cell variation
in staining occurred within small regions as well as the
entire infarcts, these two mechanisms do not seem to
explain the observed ﬁndings [14].rkers. The mean values ±std. deviation of the results were tallied.
95% Conﬁdence interval for mean Minimum Maximum
Lower bound Upper bound
0 0
2.74 2.15 3 1
2.36 1.77 3 0
2.89 1.11 3 0
2.36 1.94 3 0
0 0
2.92 2.49 3 1
2.52 1.93 3 0
2.84 1.66 3 1
2.55 2.15 3 0
0 0
1.86 2.52 1 3
1.92 2.36 1 3
2.36 3.14 2 3
2.01 2.36 0 3
Figure 2 (A) Myoglobin, immunostain, clear loss (score 2). (B) Myoglobin, immunostain, negative staining (score 3), in
granulomatous myocarditis.
Figure 3 (A) Caspase, immunostain, diffuse positivity, (score 3) granulation tissue (ongoing ischaemia). (B) Caspase, immunostain,
diffuse positivity (score 3)surrounding area of suppuration.
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strongly positive for cTnT and MB and consistently nega-
tive for caspase 3, indicating no necrotic changes at all
and conﬁrming the integrity of the myocardium and the
lack of ischaemia.
Comparing the results of immunoreactivity for cTnT, MB,
and caspase 3 in Group II cases with probable signs of
ischaemia, the following could be noted: 89.8% of the
sections showed a variable degree of cTnT depletion and
85.5% showed MB depletion, suggesting early myocardial
damage. All sections (100%) stained for caspase 3 showed
variable positive reactions. The distribution of the caspase
3 positive reaction was similar to that of the cTnT and
MB depletion.
Only four sections taken from four different cases showed
no depletion in both cTnT and MB; however, they all showed
strong diffuse positive reactions for caspase 3 (score 3).
The ﬁrst case is that of a soldier in his third decade falling
dead during morning training. The autopsy disclosed a recent
thrombus involving the anterior descending branch of the left
coronary. The heart weighed 273 g. Partial autolysis was
noted. No myocyte damage was noted, grossly or microscopi-
cally, as a result of H&E staining.
Immunohistochemically, no cTnT or MB depletion was
detected in the examined sections; however, a strong diffuse
positive reaction for caspase 3 was seen, suggesting a latentinfarction and too short a duration of survival for cTnT and
MB depletion. The reaction to caspase 3 was not affected by
the autolytic changes.
The second case is that of a male in his sixth decade under-
going dialysis who experienced a high grade fever and rigors. A
clinical diagnosis of septicaemia was reached. Marked deterio-
ration of his general condition followed by collapse and death
were recorded. The autopsy disclosed:
Multi-organ septic emboli involving the lungs and kidneys.
The heart weighed 545 g. It showed septic thrombo-emboli
together with coronary atherosclerosis, which is associated
with severe occlusion of the anterior descending branch of
the left coronary (90%). According to H&E, the myocytes
were unremarkable.
Immunohistochemically, the sections showed no cTnT or
MB depletion in areas of suspected ischaemia, away from
the emboli. Diffuse strong caspase 3 expression was seen in
these areas. CTnT depletion was noted to be conﬁned only
to areas surrounding the septic embolization; however, diffuse
strong reactions for caspase 3 were uniformly noted through-
out the examined sections, both surrounding and away from
the septic emboli.
This particular case is complex, as the severe coronary
occlusion can be regarded as itself being a possible cause of
ischaemia, myocardial damage, and latent infarction.
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diac septic emboli makes it difﬁcult to determine the particular
cause of the myocardial damage. The panel of markers used
does not seem to solve the problem, suggesting some lack of
speciﬁcity regarding ischaemic aetiology; this presents a major
limitation. Caspase 3 seems to be more sensitive to the failing
myocardium in this particular case.
The third case is that of a male in his ﬁfth decade who died
suddenly following a quarrel. In this case, the autopsy
disclosed no evidence of trauma. Recent left main and anterior
descending thrombi were noted. H&E sections from the apex
showed myocyte waviness, thinning, and focal chronic ischae-
mic changes. Sections from the left ventricular lateral and pos-
terior walls showed severe congestion without solid histologic
evidence of ischaemia.
Immunohistochemically, the sections from the apex showed
no cTnT or MB depletion; however, areas of depletion were
noted in the other obtained sections (from the left ventricular
lateral and posterior walls) in the same case, suggesting the
heterogeneity of the ischaemic changes. Thus, multiple sections
may be recommended in cases of unexplained sudden death in
order to detect any latent necrosis.
The fourth case is that of a female in her second decade
dying one day following normal vaginal delivery. The autopsy
disclosed micro-emboli involving the lungs. The heart weighed
310 g. Through routine H&E, severe myocardial congestion
and focal myocyte thinning and waviness were detected.
Immunohistochemically, the sections showed no cTnT or
MB depletion (score 0), but showed a diffuse uniform reaction
for caspase 3 (score 3).
The case of a male in his ﬁfth decade found dead in his
home with vomitus is included. Toxicological and microbio-
logic tests were negative. The autopsy disclosed a heart weigh-
ing 323 g. Intramural coronary bridging was noted, together
with an anterior descending occlusion of 70%. H&E ﬁndings
of the myocardium were unremarkable.
Immunohistochemically, the sections showed no cTnT
depletion; however, areas of MB loss were detected (score
2), together with a uniform diffuse strong positive reaction
for caspase 3 (score 3).
Three sections from three cases showed no MB depletion,
but showed cTnT depletion and caspase 3 expression.
The ﬁrst section belongs to a case of the sudden unexpected
death of a male in his third decade with a heart weight of 335 g.
The heart showed a recent thrombus involving the anterior
descending branch of the left coronary artery. The myocar-
dium showed partial autolysis, but no histologic evidence of
infarction.
Immunohistochemically, the sections showed no MB deple-
tion, but showed diffuse cTnT depletion (score 3) and a focal
positive reaction for caspase 3 (score 1).
The second section is from a case of a female in her sixth
decade dying two days following kidney transplantation. The
autopsy ﬁndings disclosed:
Lung with hyaline membrane disease.
Left end stage kidney.
Right kidney with partial occlusion of the renal artery by
recent thrombus, and occlusion of the renal vein by recent
thrombus (acute vascular rejection).
Heart weight of 375 g. It showed a moderate coronary
occlusion (anterior descending branch of the left coronaryand right coronary artery). Sections from the cardiac apex
showed myocardial waviness.
Immunohistochemically, no MB depletion was noted, but a
moderate cTnT depletion (score -2) and a focal positive reac-
tion for caspase 3 (score 1) were noted in this case.
The third case showing no MB depletion exhibited an over-
lap between Group II and Group III lesions. This case was a
male in his third decade with cardiomegaly. The heart weight
was 580 g, showing mitral vegetations, septal jet lesion, anterior
and lateral ventricular septic emboli, micro-abscesses, and
infective endocarditis. In this case, diffuse cTnT andMB deple-
tion (score3) and diffuse strong caspase 3 expression (score 3)
were noted in the areas of the micro-abscesses. In areas away
from the micro-abscesses, no MB depletion was seen; however,
they showed focal cTnT depletion and diffuse strong caspase 3
expression. In this case, ischaemia may be suspected in the areas
away from the septic emboli due to increased oxygen demand;
thus, the myocyte damage may be due to combined sepsis and
ischaemia. Areas away from the septic emboli showed com-
bined cTnT depletion and caspase 3 expression.
This again suggests the heterogeneity of the myocyte dam-
age and the need for multiple sections as well as a panel of
markers to detect the damage. Moreover, it may suggest the
sensitivity of the caspase 3, as it provided a better and more
uniform reaction.
Included in Group III (cases with myocyte damage from a
cause other than ischaemia) was one case with arrhythmogenic
cardiomyopathy, two cases with micro-abscesses, one case
with hypersensitivity myocarditis, and one case with non-
caseating granulomatous inﬂammation.
Comparing the results of immunoreactivity for cTnT, MB,
and caspase 3 among cases in Group III, the following could
be noted. In cases showing myocyte damage for variable
causes other than ischaemia, 87.5% of the sections showed
variable degrees of cTnT depletion, except for one section of
arrhythmogenic cardiomyopathy which showed no depletion
(score 0), while the other section taken from the same case
showed areas of loss (score 2). One hundred percent of the
sections showed variable degrees of MB depletion and variable
degrees of caspase 3 reactivity.
The case belonged to a male who experienced unexpected
and sudden death. The heart weighed 385 g. The anterior
descending branch showed moderate occlusion, and H&E sec-
tions from the right ventricle showed arrhythmogenic ventricu-
lar dysplasia. Sections from the posterior wall of the left
ventricle showed only fragmentation. Other sections were unre-
markable. Partial autolytic changes were also noted in this case.
Immunohistochemically, sections from the right ventricular
biopsy showed no cTnT depletion; however, focal MB deple-
tion (score 1) and strong diffuse caspase 3 expression (score
3) were noted in the same sections. Moderate cTnT loss (score
2), diffuse MB depletion (score 3), and moderate caspase 3
expression (score 2) in the sections from the posterior left ven-
tricular wall of the same case were also seen.
Again, the microscopically appreciable autolytic changes
were not noted to signiﬁcantly adversely affect the immunore-
activity for the three used markers in this case.
Nine cases with variable autolytic changes were included,
with 10 sections examined. The death-autopsy interval in these
cases was not precisely known; however, according to the
available data, it was more than 48 h. It was noted that
12 H.A.A. Amin et al.reactions were not markedly affected by the autolytic changes,
even in the putreﬁed case (showing advanced autolysis and
vacuoles, 70% AD occlusion, calciﬁcation and healing throm-
bus, together with old septal infarction); moderate cTnT and
MB depletion was seen, along with focal caspase 3 expression.
Since the data were lacking, it has not yet been possible to
establish a deﬁnite threshold value for histological signiﬁcance.
In our study, we did not sample blood for markers of necro-
sis; however, our morphologic studies in well-characterized
cases of ischaemic injury support the concept that troponin
and myoglobin release is speciﬁc and sensitive to myocardial
necrosis.
The above markers can be considered reliable indicators of
acute myocardial damage. Caspase 3 expression appears to be
more uniform, has the highest signiﬁcant results (p va-
lue = 0.0008), and is likely more sensitive to failing myocar-
dium; thus, in isolated cases, it can be used to detect latent
infarctions in the absence of evidence of myonecrosis. However,
these markers are not speciﬁc to the ischaemic aetiology.
Moreover, there is heterogeneity in the ischaemic process; thus,
generous sampling is advised.
5. Conclusions
1. Immunohistochemical staining using antibodies to human
cTnT, MB, and caspase 3 can be used to visualize myocar-
dial infarctions in histologic sections of myocardia during
forensic autopsy.
2. Loss of cTnT and MB as well as positive staining for cas-
pase 3 occur very soon after ischaemic injury and may pre-
cede histologic evidence of necrosis, but they do not occur
in normal myocardia.
3. Immunohistochemical staining of hearts for cTnT, MB,
and caspase 3 can assist in the recognition of myocardial
necrosis at autopsy in cases who are suspected of dying
from acute myocardial ischaemia.
4. Immunohistochemical testing can help to search for recent
myocardial necrosis surrounding scarring areas that are
consistent with a previous infarction.
5. In cases with coronary atherosclerosis but no clear signs of
acute ischaemic damage, the comparative analysis of histo-
logic and immunohistochemical methods can detect ischae-
mic areas and/or latent necrosis of the myocardium.
6. The heterogeneity of ischaemic myocyte damage requires
generous sampling as well as multiple sections to be used
for immunohistochemical staining.
7. There is a strong correlation between the immuno-
histological values of the three markers; however, due to
the heterogeneity and temporal variation of the ischaemic
process, variability in the intensity and distribution of the
markers is noted. Thus, a panel of markers is recommended
to detect the damage.
8. The sensitivity of the three markers to myocyte damage was
conﬁrmed, but they were not reliable on their own to
determine the differing diagnoses of the ischaemic andnon-ischaemic causes of myocyte damage. The interpreta-
tion of the data obtained for each individual cannot be iso-
lated from an overall assessment of all the factors that can
affect the expression of each marker, especially autopsy
ﬁndings, ancillary testing of collected bodily sampling,
pathological ﬁndings, and chronological aspects.
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